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A mong eerious natural obstacles encountered on th* route between 

T* leu-shut and Lan~chou were three mountain gorges (l) 81 gprge beglnnlns 
44 kilometers veet of T*ien-shut, where the terrain presented difficulties 
similar to those at some points on the r&r’-:hi--T t ien-ihui. line* (£) the 
Yuan-yang gorge, 4-5 kilometers long, lying not far vest of V\i-sh*ns (3) 
the gorg* of the Yellow River Jv IC-kiloateWe long, between Rs iang-hft ia-t tu 
and Tung-kang-chen. A number of large bridge* were retired to span the 
valleys between the two ridgen at elevations wire than l t CC!0 eeter* higher 
than the elevation T* ten-e^ui- Two long tunnel* were recited* one 
several hundred metera long /at Ch u-erh-eh 1 '*?, and <x* 5 kilometer* long 
ft t Ta-ytng-lieng 1,9^0 meter*/. To gam the elevation* the 

alignment at. one section has bands and reversed curves milir In i<Mf» to 
the ft lanent in an electric bulb, the track pastVt; over Ha elf nt a higher 
level. For 150 kilometer*, the line passe* an area c rattle ally 

destitute of water ; and what water there ih> is neither potable nor fit 
Tor locomotive v oi lor*. Several ten* of high bridge* ert^a deep quillet 
in the loesa *oll region. Deposits of ietrltu* and boulder* aloug the banka 
of the river courses were encountered at ee*y point*. 


B. f^andarda 

Standard# cn the line were revised ns follow* ? 


2,. Preferably, railway stations should be located on 3tretch.es of level 
straight track. But on thU lire, it vae difficult to meet this requirement 
in all cases. Consequently, It was abided to permit, where necessary, the 
location of stations on curves having a. roioimriua radius of curvature of 600 
metere, or on gradients of from 0.5 to 0.7 percent. Entering and departing 
tracks should have on effect i. vs length of 650 meters . In a station yard the 
center -to -center distance between tracks should be 5 meters for the main 
tracks. 


RE STRICTED 


Least rad iue of curvature ; B equal* *CO metere, equivalent to X> equal® 
3 degrees 49 minute*. 


KaxiavB Iradleatt 12 to 1,0C0 {including the curve reduction ratio). 

Length of Transition or easement Curves Originally **b at 50 otter*. 
To <ou form note closely to the standard **t by the Ministry of Railways, 
this was lengthened to 60 meter*. The anxious* elevation of the outer rail 
on a curve, represented by H E," va* 125 mllltaeteis- This vaa fairly close 
to the Ministry** figure of 150 millimeter^ for "3° and 150 meter® for *LV 
i length) „ 


Distance Between Stations ; On the average, the original distance* were 
too great and were purely arbitrary it was decided that a standard train 
should be able to cover the distance between two adjacent fetation*, in either 
directior in 3 6 c, nutes; or allowing for unusual circumstances, in 38 mtaute*. 
This would wean that the rational distance between two consecutive station* 
would be T * 8 kilometers. Hence it was decided to locate flag stati >na, 
where trains could pass each other, halfway between two regular stations. 


Distance Between Water Towers ?*v * v** get at distances requiring 
not more than Co ninutea running time, in either direction, between one water 
tower and another tower ; 


I. On curve?, the elevation of the cuter rail and the widening of the 
distune.* between rails should commence at th* beginning of the transition 
curve and gradually increase to its end. 


•«;s 

: m- 


'm ■ 

m. 


Minor Mod if lent tens Adopted; 
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The vii'.b of the crushed stone roadbed should he 5 meters.. The e le- 
varioxiof he roadbed should he cue r>Ft,pr *ht level land or: either side, 

and nor less than 1/2 meter above the high water mark* 

h > Vertical curves* Where the gradient change is more than 0.5 percent, 
the upward concave should he twice as long as the upward convex.. Where the 
gradient change is 1.2 percent, the upward convex should be 2hO meters long, 
and the upward concave should be U 80 meters long. 

5 5r idge loads: The const ruction of all bridge piers and abutments for 

permanent structures ,-hould conform to Chung-hua Scneduie No 26, The super- 
structures, for the tine being, may be constructed m accordance with Schedule 
■' j 20, since the latter is suffi.ient for presently anticipated traffic, and 
they may be replaced by Stronger superstructures in the future if and when the. 
traffic justifies or requires them. 

be Tunnels : For good ventilation and drainage, the gradients in tunnels 
should brr 2 .1 to 2 l percent. Thi? trust be lessoned at the* ends and in the 
middle for iuncvl s over 100 meters long Tunnels under ^probably should read 
"over '*7 600 meters long must be provided via h a ventilation shaft Tunnels 
over 1,000 meter ; long must have f a«* il i uk- for mechanically forced ventj.la- 
t ion 

0 , Labor Force 



The rapid progre-:f of this pi eject vat due to the use* of army troops who 
were organized, had a high level of political cone c lousnes® , and were readily 
mobile ir. large numbers They were highly effective on large-scale grading 
tasks sin h as a~vp cut tinge. Compared with tnem, civilian peasant labor was 
not economji;: ul, p lm e iheir work vas constantly being interrupted by the agri- 
cultural - a r-kp of - he changing cm sons Good results wore achieved when local 
government agencies let contracts tc -rural groups for excavating water cisterns. 
The major part of the work of n technical nature vac done by regular teams of 
ti*" road com cruet ion workers ocuinr-cd with ina 1 :h::ic*ry, c u c h as bridge gang! 7 , 
it/, a' tt;r* army railway corps, air- of the first t. ion of the Engineering 
rureau Although some job? were let out tc commercial eontt e** f ors , it was con- 
stantly r,.*-cF?c.sary to guard against their exploitation of tha- as tut t laborers. 

I> Te c im i c a 1 Ft ob 1 sme 

Thr?re va? an area 150 kilometer:; long, extending from west of T.unw-hM 
and ae far as Kan-ts 'to-tien, where the water war. scarce, muddy, salt. y, and 
btt-er. It. two other areas, the water was only a ItT.tle less objectionable. 

At great vffort, sweet water was found at several points, such as that near 
Ma -hew lien , at Khan-tnen-k ' ou, and at the Kar. Ho near 7 " ac.g-rhla-pao, but. these 
sources of good wafer were negligible quantify 

Ai n point 130 kid on r rs. from Lung- h - 1 two samples of water were secured 
and seta to Peiping fer analysts*, In every 1,000 gram; of the sample water, 
t V*~ r *- were 72 gram- and lb . 2 grams, respectively, of mud and sand After evap- 
■■ rv v.n, ’here va - a residue of 6.7 gram: arm. ? gram:, respect i vely This re- 
f : idue vac found to contain. Nn NOq , C a <U0^Jp» NH^Cl, Ka CL, Ca 30^ , Na H CO 3 , 
NapCO^, On CO-j, and traces of iron, magnWium and aluminum For every 
metric ton of water, there were 7 kilograms of scale. On the scale of hard- 
ness, one ‘-.Ample was (HaB and the other Permanent hardness was 31-3 and 

121. 9, resnec tively This water was morn salty than sea water. Where such 
water was thrown on the ground and evaporated, it left a crust like hoarfrost. 
TnJ s water would not support grass or trees, and neither agricultural products 
not farmers were found in those localities. 
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A * _ *. r w# iif u*le- frotB *h*?* v«U* u£ ^ vb * n U va * obtainable 
,» tto vtrUtt^Vre >* e^*r*. vm b-;n e den*. When «ot other- 

vitvr obtainable, v^ter vas breught In by train 

V Le»i*li>»- 

to »vot<i IwHUiM or 

*-‘- >»** r;«l vlvH*K* *’ '. U ! t ‘ U ^ r f«.»*lv»*‘*ooc'h tse wActtc* <v5ipt«<s on 
*lope^ vert i^s* *-e?p, a.,^ -he »«r. - ; mY A f 5 t*r W »: (1) for 

A ‘'rTUf. •■'? :er ftm <or * h : 3/u 

s^iti rc>cX k *■ 2 -*'■ * A * <k%,J ' ‘ ‘ . **Jr»tk* vp= u*d^'^ , r 5 i . it, vft<r eo » y to 

: i. W»u th*. rM*r* Cl vnen^ '.V "vwted. e.s-, ^M-ra 

- tah*n. 

u«ei j prever.*. l'an«l*lli^ v * r ’ ~ *' Tcl,^ . 
s pi F> fv^-ne:* or ittrhet to divert v»t*r rroi tb <« w * Ufc * 

v r-.are S r V t*r.» *r.«e or other : -'•- or. .lopvn * : pr-t.ee t aghin.t 

Pule barrier* . with or without surf'rt of stakes, at a n-ahor of 
W , on a a^v to »»♦«:. f* tV atcuuuiat ton f eroiol oa-rlal .which night 

* - v.i»K f a 1&T£*; landfill* 
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d. Lay stone facing to cover the surface Of the ?lope. Where tvo 
or sore layers of rock are interspersed with soft material that 1* likely 
to give vay -under pressure, rake out the soft material and fill up tuo space 
vtth concrete or vtth stone grouted vtth resent* 

e* Build a succession of stone arches on the surface of the slope 
vith open paved gutters to take away surface water vuhcut erosion or absorp* 
tion. 


f * Build retaining valla. However* large retaining valla are quite 
expensive. 


g. Where the amount of excavation inquired io secure ptoper eide 
slope* m a deep out would be ve*y great due to the Instability of the mate* 
rial, a minimum of excavation vas made; that ie, the eld« elopes vere left 
very #t*epi than retaining vail* of suitable height vere built and bridged 
over vtth a concrete arched rc:f Earth v»* *h»r, filled Ui cn top, properly 
graded and drained. This roof rooted a tunnel and no disturbance to traffic 
t* anticipated at this point ehouid any land.-ui** occur tubeequently. 

h« In a narr~w river valley, tf it Vdt practicable to do so, the 
allgment or the trac. vm shifted near th* edge of the rtver. thus reducing 
the amount of excavatten and coni' equ*n* probability of landslides* The com* 
parative advantages and disadvantages of tht* course had to be carefully 
considered and balanced before deciding the best vay to meet a given situation. 

i, Where other means to avert landslides were iRpractic ble, an or* 
dinary tunnel had tc be made 

,v There were places where, in the rainy reason, loose earth, sand, 
and ^ravel, brought down by water, vere apt to flow and bury the track, or 
obstruct culverts. In such cases, an open-cut tunnel was built, or a bridge 
constructed instead cf a culvert. 

*». Deposits of Detritus 

Extensive deposits of detritu* v*re frequently encountered during the 
rrs*br.* tin of this line- Even under ordinary conditions the drainage of 
such areas is a problem, but the torrents of the rainy seaaonA will seriously 
threaten the tracks laid across such depe*l* a . Therefore-, the 'raettee has 
been to avoid such place* as far possible Ii impossible, t*.e plan used was 
to the tirade and cro?»s at a higher l*»ve«; although this va* not an ld*nl 

course to fellow The ' r '*xt beat plan va* to build a number of «mall bridges; 

5'v thi* case, the aerosol at, ion sf rar*i am gravel or silt m the passages 
below the bridge? must be dug away frequently to keep them unobstructed and 
lest eh the hA?ard of extensive da ae*»ge. 

B. 2 road. Shallow, Sar.dy Ptver 

During, most of the year* breed. •?h« r ' r, w J fcaiidy rt /ere have almost no 
water ir. th*a arid are easily forded. AT v t ram? . tk* stream may suddenly in* 
!'**nse to sa much a*t 5 reters deep and ICC xeter? vide When th*» current is 
rapid it occurs its ted. and if slow, it J*-po*lts large quantities Of sand, 
giavel and silt The- a 'ho-’* 1 - u«.ed to rope «. \ *b*-~e zotiiitcow are; 

a. Bridge the river oed, keeping the bridge rpan* above the reach 
oi thr current. Tht* cf ter. entails uneconomical ^aie change-?,, 

b. Excavate below a low bridge. This may prove to be an ondles 3 
and costly task. 
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c« Build parallel embankments to channel the water in a way to 
ensure rapid drainage. 

d 4 -Tunnel under the river « In such a case, the entrances must be 
thoroughly safeguarded. 

6* The Wei Ho Bridges 

When the Pao-chl — T’ier-shui rail line was originally built /under 
the KMT regime/ y ? OT the sake of economy, every effort was made to avoid 
Crossing the Wei Ho, and no bridges were built to cross it* But because the 
cuts were deep and the slopes steep, the vibration caused by passing trains 
induced .frequent collapse of the side walls. Thus, the line was not operable 
and had to be reconstructed. When we reconstruct «d it, many engineerin'- 
changes had to be made* When the Tien-shui - -Lan* ohou line was built, the 
same mistake was not repeated. The Wei Ho had to be bridged six times. Al- 
though the bridges were not very large and only 10 or more meters high, still 
they were quite expensive. 

7 Crossing Two Summits 

After passing Lung-hsi, the line had to cross the first of two moun- 
tain range divides at an elevation 1,000 meters higher than T'ien-shui. The 
grade had to be limited to a rise of no more than 10 meters per kilometer. 
Hence it. was necessary to extend the length of the alignment. After the first 
summit was passed, it was necessary to build a big bridge over the Hsien Ho, 
and go around by Chao-chia-kou, on the opposite side of the river, in order to 
regain elevation. When Ma-ho-chen was reached, the line had to make a com- 
plete loop, crossing over itself at a higher elevation. In this locality, it. 
was necessary to cross the Hsien Ho three more times Some bridges had to be 
built t.o accommodate curved stretches of track. 

Or. this portion of the line, .it was proposed to increase the grade 
from 1.2 percent to 2.2 percent, including the curve reduction ratio, and then 
use double-headers to haul the trm’r” over this section. In this way the 
er'*.-<ing of the river four times would be unne: e? s ary with a consequent saving 
m construction time Furthermore, If at a later dote, a long tunnel were to 
be built, the grade could be made such that a single locomotive could hau] 
the trains instead of a double-headrr . 

Further along the route, another very high and broad range blocked 
the way On? attempt to tunnel it had failed. In the course of a few months, 
the ordinary bricks used for lining the tunnel disintegrated. To have con- 
tinued along the ‘ur.e route would have meant loss and disaster. Accordingly 
a long tunnel was ir/>de at another location which r.-oi only reduced the number 
of nigh bridges to be built across deep gullies, but also shortened the dis- 
tance by more than 10 kilometers 

3 Deep Gullies and High Bridge* 

The loess soil, region is without forests; there are only bare hills 
separated by deep gullies with winding streams of brackish water. The line 
had to cross such gullies on bridges from 15 to 1*5 meters high at more than 
100 pin.??; the majority of the bridges were from 30-^0 meters high. After 
ruin*, the water ir. these gullies was often b meters deep The construction 

of tnese bridge* v&~ not a simple matter If the piers and abutments had been 
built of concrete, it would have required tens of thousands of cubic meters of 
concrete for which -*ul table water* rock, and fuel, were not available locally. 
Hence :t v«s decided to build structural steel bridge piers. 
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9« xfie Ta-ymg-liang Tunnel 

audmg £ s: *“rv r * rv 

is even more marvelous, It is several li inmr /T oPo h - 1 ~~ L ? n ‘ chou line 
lag to the Sian Ch'un-chunm .Tih!™“ ^ , nlj 5 ^80 “eters long , aceord- 

ylng-liang tunne l started Aprll l QSi it nV 95 - 7 ', Work on the 
troops working simultaneously^ both ends of thf 'u^el C0 £* ructt °V 

ar* m as.-oss sr® s seijj 

and of 1951, the tunnel was two thirds done. It™ "o^ete^in Sy^g? 
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^^'cn'a Tunnel * H ° rthWeSt Chlna Administrative Area, Kansu, Ch'u-erh- 

Caption and Description; "Ch'u-erh-ch’a Tunnel on the T'i-n-shut t 
chou Section of the Lung-Hai Railway," Color photograph stows' 'thT 

ti P K°of the a' ntran r T thC tunnel> :t also shows the type of cut- 
ti.ig of the approach, the single track leading into the tunnel and 
tra.n engine pushing one tank car and pulling another ' 

Photograph Description: Size, 10 x lU inches; good; slick paper 

Jen-mln Hua-pao, Peiping, September 1952, front cover 
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Locat^loru ^China, Northwest China Administrative Area, Kansu, Ch'u-erh- 

Caption and Description: "The Ch -u-erh-ch 'a Tunnel, One of the Longest 
runnels in China, Was Completed a Year Ahead of Schedule." Photo- 
graph allows the inside of the tunnel 

Photograph Description: Size, U x 5| Inches; good; slick paper 

Jen-min hua-pao, Peiping, September 1955, page 18, top 


Location. Clilna, Northwest China Administrative Area, Kansu 

Caption and Description: "View of the Railway Track and a Tunnel in the 
,n lu-chia’hsia Gorge." Photographs shows a str.tch of the T'len- 

ao U l.*‘^'"h° U ^u tl0 K ° f the Lung ' Hai Railway, built along the Wei 
•io i.. -he oh iu-chla-hsla gor e e, entering the mouth of a tunnel 

Photograph Description: Size 6-1 x 7 inches; good quality; slick paper 
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Jen -in in Hua-pao, Feininr. 
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, page V\ 
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C S ln t* Aisiri«r S *i,e Are. Kanw. Tlao-chLs- 

»-a uan Rui Ivey Bridge 

r ‘" v : c r lpt. ,i.on : i:if- J ! ig} >•.*-- * Pul ’.Vi y “rzage cn the '1 1 J n-n- 

h. ; ; s r,-ch r »u Section of the :.ur^-K*i fi* r.vay, the Ties-cftia- 
*’ '■■‘•■’•••a-- •• !•" • i !v •. *a.' r :T .r of c.;n- 

^truon.o:' of rhe £ T -«r 1 ■ ' i»- r. y-« br;>].---- or, tiw T 'ien- 

37.1 U - - 1/3 n - r h :«J 5 V c. t .i C 0 

Photograph Description: Size,? x 10 inches, good; slick paper 
Jen-mm Hua-pao , Peiping, September 1?52, pnge 19 


'oramon: China, Northwest China Administrative Area, Kansu Lung-Hai 
Railway 

Caption and Description; "View of the T ' len-shui— Lan-chou Section Near 
^ ^“thla'ch uan. Color photograph shows the nature of the terrain. 

Photograph Description: Size, 4 x 5 inch** ; good* slick paper 

Jen -min Hua-pao , Peiping, September 1952 , page 20, top left 


1 nation ■ China, Northwest Chinn Administrative Area, Kansu, Lung-Hai 
Railway 

Caption ana Description: "Construction of Roadbed Near Shlh-li-shnn , 
the last jp; t ion of the line Between I'ien-shui and I.un-chou " 
or photograph thews workmen using a ?ertpr r ssed air drill on 
rocky terrain in the excavation of the roadbed 

Photograph Description; Size, $ x 5 inches; good: slick paper 

Jen-mm Hua-pao , Peiping , September i?52, rage 20, top left 
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T.o." a * 3 or. * China, Northwest China Admin i-;t rat iver Area, Kansu, lung-Hai 
Hallway 

Cap-ion and Description; "The Longest Railway Bridge on t n * T’i«-n-shu: 
‘ f, ~ i Section , No j Bnuge Ov^r V.’ ; Ho " Color photograph 

a 1 r eight train going over ■: on.-. : et •. p illur -supported railway 
bridge a. roes the Wei Ho 

Bhor -.'graph :r iptior; . Size, 7?, n mchec; good; ni/k paper 
-n, j : - H u a-pao, rei ning, September 1959 . page 20, bottom 
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8. Locations China, Northwest China Administrative Area, Kansu, Lung-Hai 
Railway 

Caption and Description: ’'Entrance to the Ch* u-erh-ch’a Tunnel." 
Color photograph, taken from inside of the tunnel looking out, 
shows the lining of the tunnel, cut out section of the hill, an 
armed sentry, ^/probably a tunnel guard7> and. two workmen 

Photograph Description: Size, x 12 inches; good; slick paper 


Jcn-roin Hua pao , Peiping, September 1952, page 21 
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